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LIPOLYTIC CHANGES IN THE MILK FAT OF RAW MILK
AND THEIR EFFECTS ON THE QUALITY OF MILK PRODUCTS
E. Kirst

VEB Wissenschaftlich-technisch - 6konornisches Zentrum der Milc hindu strie

Sac hsen ha usener Strasse 7
DDR 1400 Oranienburg, German De mocratic Republi c

Intt·oduc tion
The qua I i ty of dairy products is determined by
their sensory . chemica-physical and microbiologi cal
character i stics. It is the objective of the milk tre<~t 
ment and processing to p1·eserve these characteristics
:.! il k is a complex polydisperse biological system.
Wh e n it is extracted from a healthy udder. all its
constituents are in the ir native state. Any action of
energy affects the equi I ibl'ium in th e mi \k and may
ult.imately affect the properties of the milk products

Lipolytic changes in milk rat affect sensory attri -

butes and tech no logica I properties of milk a nd milk
pt•oc.lucts. They are <tffectcd by physiologic<tl, thermal .
and biochemical fac tors as wel l as by the mechani cs of
fluids
Lipolytic processes in milk are intensified by
modern processing mf!Lhods

ln this review. special attention has beP.n paid to
nuninant - t'elated feed ing of dait·y cows. foaming of milk.
mcchan i cal Hnd thermal i nf 1 uences. :md the ~:~rowth of
psycllr·otroph i c bacter· ia
Feeds rlrd' i c ient in ener·gy affect the chemical composition of the milk fat. Tests have shown ttmt on an
averagf~. <!pproximateJy 55% of free fatty acids in the
raw milk pass into the cream and the rest passes into
the skim milk. ln the froth churn ing process. approxi
mate\y 0.15 nunol free fatty acids per 100 g of fat pass
into butlcrmi lk

(60.

76)

:-1 Uk is particularly sensHive to fa ctors influencing Hs odour and taste. Both pt·operties an~ affected by
the absorpUo n of substances p1·escnt in the feed, by
absorption of a I ien odours and flavours from the barn
air. by formation of metabolites of the milk components
etc. Of all t hese factors . ....nich influence the odour and
taste of milk, lipolytic changes in the milk fat play
one o f the most important role s
In addition to t he
prope1·ties mentioned abovt~. they affect technological
properties of the milk , such as t he sep;u·ation of the
milk fat.
Lipolytic changes whi ch develop in the milk fat
include the aggregation of milk fat globules. the forma tion of free fat, and the hydrolysis of glycerides that
PI'Oduces fr·ee fatty acids (Fig. 1) but do not includ e
ox \dative changes
Fat present in the milk in the form of globules is
protected by membranes from lipolytic and oxidative
effects. Thus, lipolysis occurs only after the disruption of the membranes and the subsequen t formation of
free fat (96). Due to incomplete esterification in the
udde r , a small amount of free fatty acids is present in
fresh mi] k (37, 62) . Addi tiona}, post - secretory forma tion of free fatty acids is influenced by physiological.
physical, and b.iochemical factors (Fig. 2) (45 - 48, 51,
53, 59). It is estimated that because of an increased
effect of t hese factors in the past 10 lo 15 years. t he
f1·ee fatty acid content in the raw mi)k has doubled
world - wide {67). primarily due to physical handling.
Uydro l ysis induced by physiological factors is usually
cal led "spontaneous" lipolysis and hydrolysis induced by
physical factors i s called " induced" lipolysis
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:.\echanism of the Formation of Free Fat
and Free Fatty Acids in Milk
The stability of milk fat globules is bnsed on an
energy barrie r formed by equidirectional electric surface charees (93). The stabi 1 ity o f disperse systems can
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Fig. 1. Me chanism of changes in the milk fat.
prerequisite fo r t he hydro l ysis of g l ycerides. Influenced by inh e rent or mi crob i al l ipases. lipolysis leads to
t he formation of free fatty acids in the mi lk (82- 85).

be explai ned by the so - called DLOV theory. [The name
OLOV is derived f rom the fir s t 1 etters of the names of
t h e a u thors of the t h eory, i.e., Oerjagui n , Landau,
Overbeek and Ve rwey {9 1)1 . Mechani ca l e ne1-gy, e.g., as
provided by foaming, can suppress the energy barrier.
Under the effect of low energy, hydrate e nvelopes of
mil k fat globu l es are ruptured. At a higher energy , the
protein and phos phol i pid layers of the milk fat globule
me mbrane d isintegrate and the fat globules form a W)i form mass, i.e., free fat. Nordlund and Jl eikonen (7 1)
discussed a t heory on the formation of free fat during
cooljng of the milk. The theory postulates t hat due to
r·adial so lidi ficat ion of the mi l k fat, l ow- melti ng,
mostly non - so lid ified triglycerides a r e present in the
core of the milk fat globulf'!s during coo ling. The nonsoli dified fat occupies a larger volume t han t he same
amount of solidified fat. Thus, the l.iquid glyceride
part in the centre of the milk fat globul es is subjected
to a pr essure caused by the inner str ess of the mo l e
c ul es. Compr·essibility of l i qu id fat is low, and shifts
in t he crysta l s tr·uctures t hus occu r i n the mi lk fat
globul es as well as in t he so lidified fat l ayers. This
may lead to the destruc tion of the fat g l obule membra nes. i.e.. to the formation o f free fat. Therefo 1·e.
milk fat ha vi n g a high er content of short - chain or
unsaturated fa tt y acids i s more sensitive to 1 ipolytic
changes .
Milk fat globule membranes rupture during t he foam ing o f milk under t h e ef fect of an increased surface
tension as t he milk fat globu les enter t he boundary
layer between air and milk . Thus. free fa t is also
fo rmed by this process. The f orma t i on of free fa t is a

Inf luence of Physiological Factors on Milk Fat
Physio logical factors affecti ng the milk fat comprise. in parti cular, feeding, stage of lac tation. milk
out put, health of the udder, and exogenous fa ctors
These factor s con tribute the most to the lipolys i s of
milk
In the case of a reduced milk output , whi ch may be
due to the stage of l actation {87) as well as to feed ing, the level of free fatty acids in the milk is increased (13, 41. 63). A particularly marked incr·ease in
the f ree fatty acids conte nt occur s when the milk production is reduced to less than 3 kg of milk per mi !king
(4 1 ). Feeding plays an importan t role in the stability
of the milk fat . Nonruminant - related fee ding causes
changes in the protein fractions. This may be reflected
by the c ompos it ion of the milk fat globul e membmnes.
which may be formed only partly or· incomplete l y (20)
An ex cessive supply of feed e n ergy (34. 66, 90)
leads to a soft milk fat, which is subseq uen tly subjec t ed to I ipolyti c a I terations during coo I ing and under
mechani cal effects. The liiCk of fped ene r·gy causes the
formation of a wea k milk fat g l obule membrane ""'he!'eas an
excess i v e supply of raw protein in th£! f eed results in
an increased in corporation of iong- ch~in, w1satur·ated
fatty acids in t he milk fat. TI)r!Sf'! latter fatty acids
are formed due to the decomposition of the body fat of
t he cows {20, 23. 33, 43). In the case of an energy deficient diet. the l ong - c hain unsatUJ·ated fatty acids
of the fatty t issues are digested more s.Jow1y t han the
s hort-chain saturated fatty acids that at'e used for the
ene rgy supply of the cow. A greater nmounl or lo!'l!! c h<1 in
fatty acids thus enters the udder . Formation of o lei c
acid is catalyzed in the udder· by an enzyme called
desaturase. Hence, an inc r eased o l eic acid content in
t h e milk fat in dicates a la ck of energy in t he feed
ration (20). Associated with this effect o f feeding is a
changed composition of fatty adds and a softer consi s tency of t he milk fat. Accord ing to t he t heo r y of Nordlu nd a nd Heikonen ( 71), t h e cha nge in th e f<ttty acid
c omposition r esults in a st r onger lipolytic sens i tiv i ty
o f the milk (3, 49, 54, 59). Ge nerally , i t has been
observed that barn feeding has a mor e pronounced effect
on the free fatty acid f ormati on than pastr!urization of
the milk ( 12. 13). In this respe c t. the energy and
protein contents of the ra U ons ore more i mpor tant than
the type of feed or the feeding practice (66)

PHYSIOLOGICAL
FACTORS

lactation
milk vol ume
feeding
health of
udder

microbia l
lipa ses
ox idation

Fig. 2. Factors influencing the structure of the milk fftt .
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Influence of Physic<tl Factot·s on Milk Fat

A

xv 1

1

- A 2xv 2 .

'nil e r e A "' sec tiomd areas of the pipe.
1
A "' sectional a t·eas of the constricted pipe,
2
v "' flow velocity in the pipe , and
1
v "' flow velocity in th e c on st ri c ted pipe.
2
th e f l ow v elocity and thus Re yn o ld 's numbe r a re i n c r ea sed in locations with reduced sectional at·eas of the
t ube {68). This may .initiate lipo lyti c p1·oceSSP.S in the
milk. Stir r ing can also cause changes in th e structure
o f the milk fat and attention should be paid to its
e ffect. When the agitator is off For longer periods of
time, the m.ilk is subjected to cr1!aming, although the
!'ising of fat may not exactly follow the Stokes equation
(45). To avoid Cl'eaming, a continuous or occ<tsiona1
agi tnt ion of the mi lk is necessai'Y· The agitation of
milk dP.pends on the extent of mixing and on the m.ix.ing
t urbulence. TI1e extent of changes in the original milk
fflt globules depends on the energy flow per unit ~rect
e xisting in the turbulently flowing J iquid, i.e .. on the
eneq,.ry introduced jnto the liquid by stirrin~ per Wlil
v olume and time {77)
In studi1~s of the P.ffects of pumping on milk fat.
various effects of individual pumps were reported (45).
TI!is means th<tt <tttention shou.ld be paid to the select ion of the proper pumps and theil' appropriate use;
displacement pumps should preferably be used.
When milk is t1·ansported through long smooth pipe ] ines at flow v1docities below 1.5 m/ s. the free fat
c ontent .is affected on1 y to <t very small extent. An
i ncrease in free fat by only 0.42% was t·eported (46)
ll.igh flow velocities through constt·icted pipes (e.g., at
samplers). however, led to an inCI' en.se by almost JO%
To maintain acceptable microbiologica I qufll ity of

Effect of elevated somatic eel 1 count
on the f1·ee fatty acid content .in milk
<lCCOI'din T to Sal in rmd Anderson 86
:-Jumbcr of somatic
cells per mL
127,000
1.567,000
200.000
1.582.000
433,000
1.561.000
365,000
1,768,000

J"'ILK

During and after milking, milk is ~ubjected to the
effects of f iow processes. Such processes probably af fect the milk fat to some extent.
Laminar flow takes place in smooth pipes at low
flow rates. Turbulent flow develops with the increase of
the flow rate, due to rapid changes in direction of the
flowing Uquid, and .in pipes having rough surfaces and
edges {l, 44).
The nature of the flow is cha1·act e rjzed by the
Reynold's number. It is low fot· laminar flow Wltil the
so- c alled criti cfll Reynold's numbet' (R " 2300) is reach ed. Beyond it . the flow changes from laminar form into
th e turbulent form with a considerable increase in resistance (78). Back {8) and Back and Reuter (9) found
liMt with a laminar flow (up to a maximum flow velocity
of 2.03 m/ s). fat globules in milk do not agglomerate
In experiments using a model <lpparat.us. nn increase in
the free fatty acid concentrations and 1·elated defects
in sensory attributes developed at flow velocities of 6
m/ s .in raw milk passed through the pipes fo1· 15 min.
Reuter {80) found similar changes in ndationsh.ip to the
fr.icUon shear stress T nbove 4 kp/ m2 . Reuter (79)
estimated that flow processes in dairy fat·ming are most ly turbulent. This is caused, e.g., by pipe bends. by
flow thi'Ough constricted pipes (at valves and tt~ps).
Pt e. {.10). According to the equation of continuity (68)·

fable l

Source*
of milk:

IN

extent. Experimental findings by vat·ious authors on the
effects of possible activators and inhibitors are re viewed in deta.i l by Olivecrona (72).
Kuzdzal - Savoie et al. (62) suggested that grass
fccd .ing may have an inhibitory effect on Upo1ysis due
to the presence of some specific substances present in
the grass

Some enzymes are part of the milk. Lipoprotein
I ipase, which participates in the transfer of fat from
UH~ blood into the mOk and catalyzes 1 ipolyti c reactions (12). is one of them. It .is l i kely that great e 1·
quanti Ucs of this enzyme are secreted along with somatic cells into the milk in a diseased than in a healthy
udder.
However, Olivecrona et al. (73) assume that an
inactive proenzyme existing in the milk is activated by
substances existing in the somatic cel l s. Jellcma (40)
and Jellema and Schipper {41) reported a cot·relation
between thf~ nu mber of somatic cells and lipolysis in
milk
Lipolytic problems are mort~ frequent in dairy cattle herds producing medium cell counts in the milk
(300 .000 to 500,000 cc 11 s / mL) than in those prorlucj ng
low eel J cowlts (<300,000 cells/ mL). The higher counts
Wf"!re found in milk ubtctined by improper machine mi \king
Sal in et a l. (86) reported an additional increase .in the
free fatty acid values in milk with counts exceeding
500,000 cells/ mL. Data obtained in thr:.ir experiments in
vivo arc 1 istcd .in Table 1. Effects of subc lini c al
symptoms of mnslitis on lipolysis were reported by
Vcl.itok (95), Jngr (36) and others
Severa I authot·:; a I so described the effec ts of exo
genous factors such as acUvators and inhibitors on the
activity of lipoprotein lipase. It \'lOS found that an
add.iUon of bovine blood serum (4, 41. 89), blood frac t i ons containing: et· I ipoproteins, or blood constituents
such as high - density J ipoproteins. induced spontaneous
l.ipo)ysh> In m.i lk. Activation of J ipolyt.ic processes .in
the milk by somatic cells may also be a consequence of
the effect of activators (15)
Downey and J'olurphy {19) found an effect of gjycomacropeptides on the forntat.ion of free fatty a c ids
Driessen anll Sl<tdhouders (21) detected the presence of
<lnothet· lipase in addition to lipoprote in lipase and
reported th<tt .it i s simiii'lt' to lipase, whi c h can be
activated by biliat·y salts and whi ch I'I<IS found by Enge l rud a nd OJ i v £!c rona (22) in human milk. Tims it may be
deduced that th e biliary ~Its also fun c tion as activ a tors for s omt: I ipo 1yt ic r e<tct.i ons (26). Apart from the
.investigations indicating the presence of ac ti va t ors. i t
is r Pasonable to a s sume that lipol ys i s may also o cc ur
due t o inactivation or absence of some s pecif i c inhib i
to rs . Deeth and Fit7.- Ge rald (17) have established t he
existence of inhibito1·s of lipolysis in skim milk . These
tlwrmostable und dinlywble factors are present in the
miJk ~t varying concentrations and may affect the I ipo \yti c: sensitivity of vnrious milk samples to som e

Free ffltty fldd conten t
(mmol / 100 g- fat)
0.878
1.380
1.374
1.904
1.926
1.794
0.824
1.448

A " Milk ft·om two heal thy udder qum·ters,
B " milk from two udder quarters of the same cows with
induced increase i n the cell counts
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the milk, efficient cooling is requir·ed which wou l d
r·eslr ict mlcrobi<d growth in the 111ilk as effectively as
poss ibl e. ln the past decades, cons ider·able changes have
been introduced into the way in which milk used to be
cooled. Oldfashioned cooling by tap water o,.,us replaced
by storage coo I ing (cooling tanks) in the sixties. As
mcxlerni7.ation of thP industrial milk production proces ses has advanced, high-pe1·formance heat exchangers have
been used to cool the milk on the fam. llowevet·, a r<lpid
cooling also leads to lipolyti c changes in the milk fat
Com(Xlred to the coml.itions prevailing several yean; ar,o,
the mi crof l ora in the raw milk has also been changed.
Earlier, lacUc acid bacteria formed t.he base of the raw
milk f lor·a but now psychrotrophic bacteria predominate
These microorganisms are more lipolytic thHn lactic acid
bacteria (75, 98). Lipases formed by the psychrotrophs
can intensify lipolytic processes in milk (30, 75) in
accordance with the mechanisms described by Kirst (47)
and Nordlund and Heikonen (71) .
In addition to flow-conditioned effects which lead
to turbulence and to changes in the structure of the
lllilk fat. an excessive absorption of a.ir in the rni lk.
i.e., foaming (39) also stimulates I ipolysi s
Foaming
in milk can be caused by air· absorpt i on .into the teat
c ups, leaking pipeline joints, differ·ent pipelin e dia
meters, or large pipeline diameters through whi ch only a
small volume of milk is transported. and by idling of
centr ifuga 1 pumps (continuous operaU on of the mi J k pump
even in case of insuff i cient milk volume) (96, 97)
Using model systems, Worstorff et HL (97) studied the
effects of various gases used in the stir'l'ing of milk.
Considerably higher concentrations of free fatty acids
were produced in the milk in the presence of oxygen than
in the presence of air or nitrogen. Aulc and Worstor•f f
(7) found that the free fat concentration irr milk was
increased 2.6 - fold when air was present in the milk pro cessing equipme n t; the free fatty acid concentr·ation
under the same conditions was incr·eased 4.3 - fold. TI1esc
results we r·e confirmed by Bakke et al. ( 10), who found a
two- fold increase in the concen tration of fl"ce fatty
acids after air had entered the col l ecto r· of a mi I k ing
plant. Lipolysis c an also t<1ke place due to foaming
dev eloped dur· in g tr·ansportation of the milk through
elevated pipelines in the milk processing p1Hnt (29)
rn studies of leakage in milk- producing plants, t he free
fat concentration in milk decreased to 2.89% (which is
approximately 20% of the share of total free fat with
respect to the total fat con t ent) after the leaks had
been eliminated (51)

pr imary t.re<-ttment, <tlthour;l1 in each case, t.hf~ milk may
have t he same content of fr ·ee fatty acids {14). This
depends on t he specificity o f th e lipc.sf:s and on the
type of free fatty acids (e.g .. s hor·t - c hain fatty acids)
which are thus produced. Fu rthermore, I ipolysis in lhe
finished milk pr·oduct may also be influenced by envi ronmental conditions, e.g .. pH value, salt content. etc
Effective cleaning and disinfection in the processing
plant as well as cooling of t he milk to the reqtdred
temperature t o avoid the development of high lx'lcterial
counts of the raw milk retluce the risk of microbial
I ipolysis during the prlmai'Y tr·eatment of raw milk
Thf~ ~ffect of hir~h microbiHI counts on the free
fatty acids content in r·aw milk sto r·ed at 5°C is pre sented in Table 2
Table 2.
Changes in the free fatt y acid content
during the stor·age of raw milk at 5°C
as a function of total ee l l counts

speto,.r,a ge f-!-FO're7.,_,r,::";c't'-"y-'a"'
c:"i<:...
1 "'co:::n.::te::;nco.
t _,(;:::mm:::o-::'1/;-'1-;,00::2'-g,.Cf.,;"t::C);;;-*;;;--;
at total counts
at total counts
00
(h):

of 12,000/ mL

12 - 16
72

1.2

1.4

of 3,500,000/ mL
1.5
2. 7

*rn this study, the fat was obtained by churnlllg the
cream separated by skimming f1·om the raw milk tested
The free fatty acid values were reduced by the passage
of the free fatty acids into the ski m milk as well as
into the buttermilk. Conseqtrently, the ascertained
fatty acid content \Oo'l'I.S lower than the value obtained by
using the method of Deeth et al. (l8)
Oxid<lotive changes in the milk fat are indir·ectly
connected wi th the 1 ipolytic changes because ca talytic oxidative processes can pl'incipally occur with free fat
as well as ft·ee fatty o~cids (Fig. l)
lnfhrencc of Lioolytic Changes
on the Quality o f Milk and Milk PrCKI.ucts
Lipolytic changes can <lffect sensory as well as
pi'Ocessing properties of milk and mi Ik products. 111e
quality of the milk and mj 1k products is <tffected, in
particular, by the following factors:
- loss of fat due to "free", destabi 1 ized fat adhering
to the Wdlls of the containers, pipelines, etc. (76),
- decrease of s kimming efficiency (increase in the resi dual fat content of the skimmed fresh milk) (29, 37,
55)'
- losses due to increased fat content in buttermilk (6),

Influence of Biochemical Factors on Milk Fat
In general, microbial I ip:-tses are assumed to hHve
effect on milk fat only if the total count of bacteria
exceeds 10 6 cells/mL. However. :-tabbitt (69) showed that
severe sensory problems may develop in raw milk at tota I
counts lower tha n 10 6 / mL if psychrotrophic bacteria
predominate. The most important producers of I ipa ses
are. e.g., Pseudomonas fl uorescens, P. fragi . and P.
putrefaciens. A teal isenes sp .. some yeasts am.! molds
(14, 25, 28, 58).
Microbial lipolysis in milk may occur at the stage
of primar·y treatment as well as afterwar·ds. Lipolysis
after the primary t reatment is caused by contamination
of already pasteurized milk during subsequent processing
and storage, or by thermo- resistant l.ipases. Lipolysis
in pasteurized milk usually causes more intense
off - flavours, especi ally in products having high fat
co ntents, t han lipolysis wh ich takes place during the

and

flavour of the milk and milk products (35. 38, 58,
61).

Poor quality of milk results in:
- low volume of whipped c ream (29, 30, 42, 52).
- reduction of shelf life dur ing slorage of the milk
pmducts (62), and
- r·eduction in solubility, wettahi lity, and flow cha racteristics of the dry milk powder (24, 50).
Apart from the r.o mmon qua l ity cha ra cteristics,
however, some techno l ogical procedm·es t·equiJ·e a defined
minimum amount of free fat to be present in t he mj lk in
orde r· to make possible bas i c processes such as the phase
reversal (64). Riedel and Hansen (81) showed that high
free fatty acid content in the milk powder used to
produce chocolate is very important. As the free fat
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Table 3
Threshold values at wh ic h single free fatty acids
cause rancid flavour in pasteurized milk. According to
Connoll y et al. (]6 ).

Number of C
a toms in the
mo l ecu le:

Fatty acid:

butanoic
hexano ic
octanoic
decano i c
dOO ecanoi c
tett·adecanoic
hexadecanoic
octadecanoic
c is - 9- octadecenoi c

Concent r ation in milk
mg/kg
mmol / kg

46.1
30.4
22.5
28. 1
29 .7
80.5
24 4 .5
14 2. 1
221 .1

10
12
14
16
18
18*

0.52
0.26
0.16
0.16
0. 15
0.35
0.96
0.50

0. 78

; -------------- ---------- ------- -
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pungent, bitter. and ram-:id. In general, such sensory
defe cts may be noticed at a free fatty acid cont e n t
exceed ing 4 mmol / 100 g fat, whi c h cor-responds to approximately 1.5 mmo l/L of milk. Individual fre e fatty
acids have differ e nt e ff ects on the flavour: a l ow
concen trat ion of a parti cul a r fatt y ac i d may affect the
f l avour more severel y than a hi gh concentr ati on of a nother fatty a cid. The off - flavours me ntioned above are
usually caused by short-chai n fatty acids, i.e .. butyric
to lauric acids (62). Accord ing to Paule t et a I. (74).
soapy f J avour is caused mainly by decanoic acid (capri c
acid) and dodecanoic acid (lauric a c id) . Connolly et al
(16) determined the threshold fl avour values of indivi dua 1 fatty acid s present in pasteurized milk (Tabl e 3).
Atra.men tov et al. (5) f ound tha t during t he separa tion of fat. about 90% of the free fatty aci ds passed
into the cream and on I y about 10% passed into t he s k i m
milk. Consequen t ly , t he quality of bu tter was influenced
by the ra w milk to a great extent (38). According to
Ce r·n<i (13). a f r ee fatty acid conte nt of 1.4 to \.8
mmol / 100 g of fat in raw milk ca n Jead to the production
of second - grade butter. A si mi !a t· finding was made by
.Jamotte (38 ). To inhibit lipolysis. the latter author
recommended to heat the cream before its storage
Even i n milk pr oducts h av ing a low fat co n te n t,
high concen t r a tions of free f atty ac ids can have detri mental effects on the sensory a ttr ibutes. Supported by
the result of factor ana l ysis, Sonntag (92) s howed that
the concentration of free fatty aci ds in raw mi lk has
t he most i mpor tant inf I uence on the qua 1 i ty of pasteur ized m.ilk

become s part of the fat phase of chocol a te, !.he v isr:osi ·ty o f t h e chocolate mass is reduced; thi s makes it
IXJSSib l e to limit t he amount of the coconut o il used. In
cont t·ast. other industrial applications r·equir·e a n eas i ly wettable milk powde r ~ooili c h has a long s helf life and
contains t he fat in a "concealed" form
Sepa rabilit y of t h e milk fa t i s inf l uenced to a
great extent by the s i ze of t he fat g I obu I es and by the
co n te nt of free fa tty acids Mechani cal effects are
part l y t•espo n sible for the destru c t ion of t he fat

-------

Effects of Energy- Restricted Feeding on Milk Fat

One C::C double bond

Feed rations. whi c h allow farmers to r e duce the u se
of feed concentra tes , have bee n used extensively at
p r ese n t in variou s co untri es. In a d d ition , the cr u de
protein con tent in grass and i n grass si I age ha s been
increased world-wide . This means lhat dai r y cows are fed
partly energy- deficient yet hi gh - protein rations. To
examine the consequences of t he changes in the feeding
practi ce. t he effects of e ne t-gy- deficient, hi g h- protein
rations on milk fat were studlt.od
. by the author of this
review
The experiments 101ere conducted using one group of
cows i n eac h the fir st a nd second thirds of lactation
(Groups 1 and 2) a nd a group o f 6 cows in the last third
of lactation (57, 70) (Group 3). 'ill1li 1e t he cows i n Group
1 were i n the dry phase, they were fe d in accorda nce

globules and for the subsequent. dif f.i cul lies encounter ed
when separa t i ng t hem from t he milk (37). For exampl e. an
increase in the fret! fatty acids content in t•aw nlilk by
0.91 mmol / L during sepa r·ation l eads to an 1nc t·ease in
the fat con tent i n t he s kimmed milk by 0.045% (:J5).
Sensory attributes of milk and milk pt•ot.lucts are
af f ected negatively by the presence of free fatty acids
(11). However, low concen t t·ations of fL·ee fatty aci d s
contri bute to the charactel'istic fla vours of raw milk,
c r·eam. butte1·, and yoghul't (27, 94). Also in some c heese
va r ieUes, fr ee fatt y ac ids. whi ch are formed durlng
l'ipen i ng, produce charactel'istic f l avours (32) . On t he
othe r hand, Jamotte (38) no t ed that off- flrtvours, whi c h
usua 1 J y deve I op as the re su 1 t of I ipo I yt ic r eact ions,
C <lll be desc ribed as impure. old. trick1 ing, o i Jy,
Ta ble 4 .

Effe ct of energy -de fici e nt f eedi ng of cows in the l ast t hird of lac tation (Group 3)
on the fat and fatty acid con tents in milk

Feeding
period:

Energy content
of the ration
(% of standard)

Crude protein content
of the ration
of standard)·

(%

Fat content
i n the milk
{%) ·

140

135

4.3

10.6

171

131

5.7

40

64

4.1
4.1

62

103

4. 0
3.6

20.9
16.1
21.6
14 . 1
12. 8
13.7
16.5

152

126

4.7

13.7

4 .8
3 .9

3 (day 250- 267)
4 (day 268- 28 1)

Free fatty ac ids
content i n mi lk fat
(mmol / 100 g)

(%):

269

2.6
2.4
2.2
2.9

E.
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Table 6.
Passage o f free fatty acids from raw milk into c ream*

with t he feed ing standards suggested by llle Department
o f Agriculture of the German Democrat i c Republic (88)
Cows in Group 2 were fed e nergy-def i c ien t rations at the
end of the dry phase. Milk obtained from the 6 cows in
the last third of lactati on wa s t ested weekly, whereas
milk from t he other two groups of cows wds tested once a
month . The free fat content was deterrn.ined accordi ng to
the method of Lagoni and Peters (65) a nd the free fat t y
acid content was determined by the procedure of DeP-th et
a l. (18). The s uitab.ility of these analytical methods
for t h e given purpose was confirmed by our own tests
(56). In t he exa mination of co ws in the last third of
lactation (Table 4}, the increase in the fat conten t in
t he milk i s c learly evident immedi ate ly following the
administration of energy-deficient rations and may be
explai ned by t he degradation of body fat (fat mobiliza tion syndrome). Later. the fat content in the milk is
decreased. Its conc entration rapidly recove r s du1·i ng r eal imentation (5th f eeding period). The on set of e ne rgyd e fi c i e nt feeding in each period induces a temporary
jncrease in the free fat co n tent i n the milk but is
follo~o.'Cd by a decrease and stabil i zation of t he free fat
concentration at the lower le ve l . Return to a standard
di et (re - alimentation) r esul ts in the r·ecovery of the
free fat concentration. The free fatty acid content in
the milk remai ns a pprox imately consta nt wi t h cows in the
late stages of lactat.ion.
A marked effect of feeding on the free fa tty <~cid
conte nt. however, can be determined at t he beginning of
lactation. At that time, lhe fat content o f Lhe milk is
severe ly reduced (Table 5). In both groups of cows . the
effect of the previous energy-de ficien t diet on Lhe fat

No

Free fattv acids in IMlol in:
1 L of
1 L of
c ream from
1 L of raw
raw milk

--- - - - - f - - - 1.31
1.36
1.22
1.34
1.29
1.38
1.30
1.40
1.37
1.40
1.33
1 .37
1.33
1.40
1.49
1.44
1.41
1.46
1.42
1.38

9
10
11
12
13
14
15
16
17
18
19
20
----

8.96
8.16
6. 75
8.16
7. 20
8.46
8.67
8.00
5.00
7.21
4 .80
7.65
8.12
7.50
11.44
13. 18
10 . 62
10 .00
10 .92
11.71

L_ _ _ _ _ _ _

milk
--------- ------0.640
0.646
0.541
0.637
0.540
0.648
0 .637
0.600
0.668
0 .834
0. 737
0 .8 15
0.824
0 . 740
1.066
1 .263
0.947
1.041
1.012
0.938

------ ------------

48.8
47.5
44.4
47.6
41.9
47.0
49.0
42.9
48.8
59.6
55.4
59.5
62.0
52.8
71.5
87.7
67.2
71 .3
71.3
68.0

----------

Fat content approximately 50%.

Table 5
Effect of energy- deficient feeding of cows in the first and second thi rds o f lactation on the fat and fat ty acid
cont ents in the rni lk

Feeding per iod :
(duration in
weeks):

Energy conte nt
of the ration
(%)

Cr·ude protein
content o f t he
r·at i on (% ) :

Fat con ten t
i n mi l k (%):

----------- - ------------- ---------------------

Cont en ts of
free fa t
free fatty aci d s
(%of total fat) :
(mmo J/ 100 g fat):

--------------

- - - - - - ------

Group 1
1 (4 w of energydeficient feeding)

reduced 30- 50%

2 (8 w of realimentation)

raised 30%

3 (5 w)
4 (3 w)
5 (5 w)
6 (4 w)

reduced 30%
raised 30%
standard
reduced 30%

reduced 30- 50%

standar·d
raised 30%
raised 30%
standard

3.6
3.8

20 .0
20.4

3.0
4 .8

2.0
2.0
2.5
3.0
2.8
3.0
1.0

14.6
18.0
18.6
14. 6
15.6
11.4
11.0

4.0
5.2
4.6
3.6
6. 2
3.0
3.0

Group 2
1 (2 w"' )

reduced >50%

reduced >50%

5.0
3.0

13.6
19.2

2.7
4.4

2 (8 w energy deficient
feedi ng)

raised 30%

standa rd

2.9
1.9
2.8

17.8
12.8
17.2

2.6
4.5
4.5

3 (5 w realimen tation)
4 (3 w)
5 (4 w)
6 (5 w)

standard

r aised 30%

2.3

12 .0

6.6

raised 30%
reduced 30%
standard

raised 30%
sta ndard
raised 30%

2.8
3.2
3.6

12.4
14.0
11.2

7.0
2.6
2.3

------------- ------------- -------------

--------- - ---------------

From 2 weeks before the beg.inning of lactation unt.il the 4th week of lactati on.
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No.·

10
11
12
13
14
15
16
17
18
19
20
21
22

It W'dS found that i n skim milk. the free fatty acid
content was hi ghe1· than expected (5). For this reason .
the passage of free fatty acids from raw whole milk into
skim milk and c t·eam a nd from cream into butter was
examined. Free fatty acids in milk and cream were determined according to Deeth et al. (18) . In butter, the
free fatty acid content was t i trated <~fter the butte1·
had been dissolved in a mi xture of ethanol and d i ethyl
ether (1:1). Approx imately 55% of the free fatty acids
passed into c r eam obtained from milk in two milk collecting districts (TabJe 6). To check these results.
a compat·ativ e examination wa s carried out using raw milk
before it entered the separator and then using the
co rr esponding ski m milk and cream after separation
(Table 7). The r esults s how a good agreement between the
amount of the free fatty aci d s in the raw milk <md the
totals of the free fatt y acids in skim milk <and in
cream.
The passage of fr ee fatty acids from cre a111 into
buttet· is shown in Tab l e 8. In these examinations. a
technology based on the phase reversa I without separation of buttermilk (sa mples 1- 10) and a foam -churning
process (samples 1.1 - 22) have been compared with each
other. The results s how that when the butter serum Js
separated, approxi mately 0.1 mmol free fatty acids.
related to 100 g butterfat, passes into this seru m. A
compar i son of the mean difference between the fr ee fatty
ac id conten t of t he cream and tha t of the butter in the

- ----1

2

1.37
1.40
1.33
1.37
1.33
1.40

Free fatty acids (mmol/100 g fat)
in butter
difference
1.8
1.7
1.6
1.5
1. 7
1.4
1.3
1 .7
1.2
1.3
2.6
2.1
2.5
2.3
1.6
2.1
2.1
1.9
2.3
2.0
2.0
2.3

1.6
1.6
1.6
1.4
1.5
1.2
1.4
1.6
1.1
1.3
2.2
1 .9
2.3
2.6
1 .7
1. 8
1 .6
1.5
1.8
1.6
1.9
1.9

------------- -------------

0.2
0.1
0.0
0.1
0 .2
0.2

- 0.1
0.1
0.1
0.0
0.4
0.2
0.2

- 0.3
- 0.1
0.3
0.5
0.4
0.5
0.4
0.1
0.4

-----------

foam - churning process with the mean difference obtained
by the churning process without separating the butter milk .ind i cates that 0 . 15 mmo1 of free fatty acids,
related to 100 g of butterfat. passed into the butter milk. The buttermilk could not be examined for compari son because t he method according to Deeth et al. (18)
cannot be appl icd to the determination of free fatty
acids in sour products. La ctic acid (and probably also
citric acid) is extracted in this method. Therefore, it
i s necessary to carry out additional tests in order to
find the proportions of free fatty acids originating
from raw milk and those passing into the ski mmed milk .

A1 though an inquiry by th e In terna tiona l Dairy
Federation has indicated that Upolysis is not a major
probl em in most cow1tries (2), t he effects of 1 ipolytic
changes on the quality of milk products must not be
underrated. Special attention should be paid to I ipoly tic changes in the fa t of raw milk cau sed by physiologi cal factors, in particular by feeding. To reduce 1 ipolytic processes in milk. special attention should be paid

Table 7.
Comparison of the passage of free fatty acids into skim
milk and c1·earn
Concentration of free fatty acids
mmol /L l
in raw
i n skim
milk
milk

FAT

-----.-------------------

Passage of Free Fatty Aci d s into Cr eam and Butter

No

IN MILK

Table 8.
Passage of free fatty acids from crcaiA into butter

content and the content of free fatty acids i s t: xtended
even following rea l i me n tation (2nd f eed ing period). This
is shown a) so whe n the feed ing patterns are var i ed (3rd
to 6t h periods). Under t h e co ndi tio n o f the e nergy deficient diet beginning as early as in the dry period
and by severe underfeeding during t he first l a ctation
period, a marked effect of feeding on milk fat i s found
wi th t he second g r oup of cows. Pool ed milk from t hese
cows contained a maximum of 7.0 mmol free fatty acids
per 100 g of fat and t he rna.ximum conten t of free fatty
acids in the pooled mi \k obtained from the first group
of cows was 6.2 mmol / 100 g of fat. The fat contents were
re du ced to 2.0% and 1.9%, respect i vely. The effect of
feeding appears to be even stronger on the mi lk from
i ndividual cows. In both groups, the increase in the fat
content and t he reduction of the share of free fat as
well as of the content of free fatty acids is particularly obvious in the last two f eeding periods. during
\Oohich the cows were fed in accordance with the feeding
standar ds

to
-

Sum of f ree
fatty acids
in cream and
skim milk

ruminant - related feeding practices for cows,
restriction of other physiologi cal factors.
minimization of mechanical and thermal effects.
prevention of foaming i n the milk , and
minimization of t h e growt.h of psychrotropic bacteria
in milk .

------0.605
0.528
0.590
0.568
0.516
0.566

0 .668
0.834
0.737
0.815
0.824
0 .7 40

Acknowledgments

1. 273

1.362
1.327
1 .383
1.340
1. 306

The author thanks Prof. DrSc. R. Hansen (Humboldt
university of Ber lin). DrSc . w. Krause (Technical Uni versity of Dresden). and Mr . A. T6pel (Engineering
School of the Dairy Indust ry in Hal berstadt) for useful
suggestions and for reviewing the manuscript.

- - - - - - ----- - - - --- ---271

f .

KIRST

lipolysis. Austral. .J. Oairy Techno]. 30, 109-111
19. Downey WK. Murphy RF. (107 5 ). Class ification of
lipo lytical P.nzymcs. lnl. Oairy FfXI. Doc. No. 86.
19-23
20. DrP.ws M. Gr<lsshoff A, ll <'lgem~isler H, ll eeschen W,
Pfeiffer M. Reuler H. Suhren G. Titomasow J. Tol l e
A. Wi etbmuk II. (1983). Aktuel1e Fragt~n zur pasteursiel·ten Konsummi l c h. (Prese n t p t·oble ms conce rning pasti!Uriz ed retail milk - in Germanl
Kieler Mi l chwirtsc haft I. Forschungsbe r . ~ . 107 238
21 Driessen FM, S t ad h o otlt~rs J . (1975). Lipoly ti cal
enzymes and co- factot•s suitable for lhe sponta neous ranc idi ty in cow milk. ln l. Dairy Fed. Doc
No. 86, 73 - 79
22. Enge1rud T, Olivec r ona T. (1973). Purifit~d bovine
milk (lipoprotein) li]x~s e: Activity against lipid
substrates in lhe absence of exogenous se ru m
factors. Bioch i m. Biophys. Acta 306. 115- 127.
23 Farri es E. (1983). Die Mi lc hzusammens e lzung als
Hinweis auf Stoffwechse lbelastungen und Fort pf 1anzungsstfu-ungen. Mo ) kere j Ztg. We 1 t Mi 1ch ;!_!_,
1207-12 13.
24 Fink e II. (1965 ). Handbuch dct· Kakaocrzeugnisse.
[Handbook on cocoa products - in Gennan ]. Spri nger- Verlag Berlin, lleideJberg, New York. 579 pp.
25 Fox FF. Stepaniak L. ( 1983). I solat ion a nd some
properties of extracellula r he<~t. .. stable lipas es
from Pseudomona s flu orescens str ain AFT 36. Dairy
Res . ~Q. 77 - 89
26 Fredriksen B. He rn e !\ 0 , Bl~kberg L, Oliv ecrona T
(1978). Bile salt st im ulated lipase in human
milk : In - vivo activ i ty and i mparla n ce for lh c
digestion of mi lk retinolic esters. Pediat ri c Res
12, 1048- 1052
27 Gl'J~er F. (1980) . Aroma von Sauerm i lchproduklfm.
( P Iavour of c ultured mi l k products - in German]
Nahrung 24, 63- 69.
28 Gr·iff ith s ~- Phi 1 Ups JU, Muir DO. (1981). Thermostahl I i ty of pt·oteases and 1 i pases of var i ous
sorts of psychrol t' opi c bacteria f rom mi lk . J
Appl. Bacte l"i o l. §Q. 289- 303.
29 Grosserhode J. (1974). Physi kal i sch - c hemische Ve r ~nd er un ge n der Milchinhalts sto f fe durch Tief ldh1ung der Mi l ch. [Physico - c hf~mical changes in
the milk constituents ca used by l ow- temperatut·e
cool ing of mil k - in German]. Dtsch. Mi1chw.i rt schaft 25, 686- 693.
30 Grosserh~e J. ( 1975 ). Ch ern i sc h - physikalische und
technolog i sche Vertlnderungen der Rohmi lch dur c h
Tieflcthlw1g. [Physi co- c he mi ca l c hanges in raw milk
caused by low- temperatut·e cooli ng - in Ge rman]
Dtsch. Mi1 c hwirtschaft 26, 198- 200
31 Gudding R. Lorentzen P. (i983). The influence of
low- line and high - line milking plants on udder
health and li!X)lysis. Not-disk Vet. Med. ~(4 / 5).
153- 157.
32 Hanspach J. (1981). Untersuc hungen l'lber freie Fetts:!uren a I s Ar o masubstanzen verchiede net• K~se
sorten . [Stud i es of fre e fatty acids as fla vour
substances in va r ious c heeses - i n Get·man}. PhD
Thesis, Justus- Li e bi g - Un i ve r sity, Giessen , Fede ral
Republic o f Germany, 147 pp.
33. Henkel H. {1971). Beitr~gc zur Ke nnt n i s des Fettstoffwechsels hoc hl eistendet· MilchkOhe, insbe sondere der Mil c hf etlb.i !dung. [Contribution to the
unde rstanding of the 1 ipid metabol i s m, particular ly the fa t production, in hi ghl y produ ctive cows in German}. Paul - Pa r ey- Verlag Berlin and Hamburg,
Fe deral Republi c o f Germany. 346 pp

1. Alfet·jew MJ. (1958). Hydromechanik. [llydromechanics
- in Ge rman] . B.G. Teubner - Verlagsgcsellschafl.
Leipzig, German Democ rati c Republi c. 226 llP
2. Anonymous. (1983). Lipolysis in milk a nd milk produ cts. 8-Doc. 105. Annua l Session of the Tnt
Dairy Fed. , IDF, Bruxe1J es . Belgium. 1- 5.
3. Astrup liN. (1981). Tile feed and 1 ipo l ysis i n milk.
In : Fats in Feeds and Feeding. It Ma r·cuse, G~e 
borg, Sweden, 81 - 83
4. Astrup liN. Bengtsson G. (1982). Activator proteins
for lipoprotein lipase fr om bovine plasma: Prepa ration by adsorption lo intra1ipid. Comp. Biochem
Physiol. 72 B. 487 - 491.
5 Atramentov ~ Atramentova VG, Chumakov NJA. (1976).
Svobodnye ki slo t y v moloke. [Free acids in milk in Russian). Mol och . Prom. 43(3). 26 · 27.
6. Atramentova VG. (1971) . MetodYopredeleniya prigod nosti mo l oka dlya masl odeliy-d. [ Methods used to
determ i ne the sui tabi 1 i ty of mJ 1k in butte r· pro duct i on - i n Russian]. Mo l och. Prom. 38{10). 9 - 10.
7 Aule 0. Wor storff H. (1975). Influence ofmechanical
t r eat me n t o f milk on quantities of frcP. fatty
ac ids and free fat in the milk, as well as on the
separa bi lity of the mi lk. Int. Dairy FOO. Doc. No.
86, 116- 120 .
8 Back WO. ( 1973). Auswirkw1ge n turbul e n ter Strt'mungen
auf das System Milch . (Effects of tu t·bulence on
lhe system milk - in German] . Mil chwissenschaft
~.
628-636.
9. Back WO, Reute r H. {1973). Auswirkungen von Strt'mungsvorg~nge auf die Xanthinoxydase - Aktivit~t
i n Rohmi l ch. 1. The or ie und Versuchsanordnung .
( Effects of flow mechani sms on xant h ine oxidase
activity in raw milk. I. Theory and experimental
design - i n German}. Mi lchwissenschaft ~. 137 141.
10. Bak ke H, As k A, Fjeld K. ( 1983) . Verknaci av u 1 i kt
lu fti nn s l epp i s penekoppsentralen p1i f eittspa l ting
i mjolk. [Effect of inc reasing air admission at
the claw on l i pol ys i s in milk - in Norweg ian} .
Me i eriposten 72 , 350-352.
11. Biallas E. (1982). Qualitlit und Ausbeute bei fett ha1tigen Mil c hprodukt e n . [Qual ity and y .leld of
fat - containing milk products - in German}. Otsch.
Mi lchwirtschaft 33, 198, 205 - 207 .
12. Castberg HB. (1978)." Quelques mesu r es pratiques 8.
prendr e pour reduire la tendance du \ait
Ia
lipolyse. [Some practical meas ures to r educe the
susceptibility of milk lo lipolysis - in French].

a

Ce!~~h·E. L~~~72~~ ~joi)~to~ a~1 .t hydrol yUckCho
5

13.

14.

15.

16.

17 .

18 .

9 2

Stepeni
tuku v mlece. [Deter·mination of fat hydrolysis in
milk - in Czech]. PrUm. Potravin 23, 139- 141
Cerna E. {1983)
Senzoricke zmeny-;; mlece vl i vem
lipolYzy. [Sensory changes in mi lk Ci'\used by lipo l ys i s). Pn'im. Potravin 34, 198- 201
Cl egg RA. (1980). Ac t ivati~ of milk lipase by serum
pr otei ns: Poss ible r ole at behaviou r o f I ipolysis
ln raw c ow milk. J . Dairy Res . 47, 62- 70.
Conn o ll y JF , Murph y JJ , O'Conn;;. CB, il eadon OR.
(1980). Relationsh ip between free fatty acid
levels of milk and but ter and li!X)lysed f l avour
Int. Dairy Fed. Doc. No. 118. 667- 676
Deeth HC, Fitz- Gerald CH. (197 5). Factors govern i ng
the susceptibility of mi 1k to spontaneou s l i polys is . Int. Dairy Fed. Doc . No. 86, 24 - 34
Deeth HC, Fitz - Gerald CH, Wood AF. (1975). Comfort able method for the estima tion of extent of

272

LIPOLYTIC C IIAN GES

311. Host e tter 11. FlUckigP-r E. (1954). Ver:lnderungen
des Mi lchfettes durch die Fllttenmg der Kllhe.
[Chl'tnges in the milk fat as re la trd to the fpeding
of cows - in German]. Schweiz. Milch Ztg. llQ.. 639 640.
35 Hunter AC. (1970). Free fatty ac.id values of norml'tl
and rancid milk in butter manufacture. XVIII lnl
Dairy Congress. Sydney, Australia, XVIll tnt.
Dairy Congr ess Comm ittee, Sydney, N.S.W., Austru ··
l ia. l E. 508.
36. fngr .J.- (1973)
Zus amme nsetzung und Eigenschaften
des Kuhmilchfettes bei subklinischen MasUtiden .
[Composition and pro perties of cow's milk fat in
subclinical masti tis - in German]. Nabrung E .•
215 · 232.
37. Tn.ikhov G. (1958). Rol sostavnykh chas tei moJok?J pri
proi zvodstve. [Tile ,-ole o f milk constituents dur ing processing - in Russian]. Moloch. Prom. ~. 4.

IN

'19.

50

51

52.

41

18 . . htmotlf~ P. (1970). Effect of the use of lipolysed
cr·cam o n butter quality. XVIII Int. Dairy Con gress, Sytlncy, Australia. XVI I I lnt. Dairy Congress Comm itte e. Sydney, N.S.W .. Austr<d ia. ! ~.
201.
39 Jamottt" P. (1974). Lipolys i s in cooled bulk mi Jk
Int. Dait'Y Fed. Doc. No. 82, 73 pp
40 JC'I lt>ma A. (1!:174). LipoJytical sensitiv i ty of miJk.
Off. Ot·gn n FNZ 66, 334- 341
41 .Jcllem<l A. Schipper C.J. (1975). Tnf.luence of physl
ca l factor s o n the l ipolytical sensitivity of
miJk . Int. Ortiry Fed. Doc. No. 86. 2- 5
42 Kamme1·\ehne1· J. Kessler HG. (1980). Me cha ni sc he
E in f I USSl! auf Rrthm be _i m Rtlh r0n
und Pumpen
[M echani cal ef fe cts of stirring and pumping on
t:I'Nlm · in Germfln]. Otsch. :Oiilchwirtschaft
1746- 1748.
4:l l<mrfmann W. (1980). Protein degradation and synthesis ~o~i th in the t·elicu1o - rumen in relation to milk
protein synthesis. Int. Dairy Fed. Doc. No. 125,
152- l f>S.
44 Ki ermeier F. Lechner E Mil ch und Mi l cherzeuEnisse.
[Mi Jk and milk pt·Ollucts - in German} . Paul Pa,·eyVer 1 ag, Der I ing and Hamburg, Federal Repub I ic of
Germany. 1143 pp
45. Kirst E. (1980). L.ipolytische Vorg~ge in Milch und
Mi lchprodukten: Lite1·aturber.icht und Untersuchun
gen zum Einf 1 u::;s von RUhren und Pumpen auf dal'
Mil chfett. {Lipolytk processes in milk il!ld in
milk prorlucts: Literature revie\1.' and studies of
the effect of st.i r·ring and pump ing on mi \k fat .i n Gf~r·man]. Lebenmittelindust ri e Leipzig~. 27 31; Molkere i Ztg. Welt Milch 34, 1002 - 1006.
46 Kirst E. (1980). Lipolyt.ische vOrgtlnge in Milch und
Mil chprodukten: II. Untersuchungen !':Urn Einfluss
der Strl'mung auf dils Milr:hfett. [Lipolytic processes in milk and in milk products: II. Studies
of the effect of flow on milk fat - in German].
Lebensmittelindustrie Leipzig 27. 3 14 - 316
47. Kirst E. (1980). Ljpolytische von!~~e .in Milch und
Milchp!'odukten: III. Untersuchungen zum Einf luss
der KlilJune: auf die Mi lchf c ttstruktur. lLipolytic
p t•ocesses in milk a n d in milk products: III
Studies of t he effect of cool .ing on the structure
of milk fat - in German]. Lebensmittelindustrie
Leipzig 27, 464 - 468; Molkerei Z t g . Welt Milch
:J.9.( 1981)' -349 - 353.
48 Kirst E. (1980). :Z.ur Upolyse der· Milch durch tech nologische Bee.influssungen. 1. Stand der Kennt nlsse und Untersuchungen zur Beeinflussung von
Mil ch und Rahm durch Pumpen. [Lipolys is of milk

53.

54.

;u.

55.

56.

57

58.

59.

273

MILK fAT

due to tP.c hnologicfl1 processf's. 1. The state of
knowledge and stud ies on t he effects of pumping on
mJ lk and cream - in German] . Nrthrung 24 , 569 - 576
Kirst E. ( 1981). Die lipolytische F.:mpf~d l ichke.it
rler Rohmilr:h und ihre Beeinflussung. [Suscf'ptibil ity of raw milk to lipolysis and t he way of affecting it
in German]. Milchfors cnung- Mil ch praxis 23, 60-62.
Kjrst E. {1981} . E.influss l ipolytischer Verl:il.derun gell auf die Qual i U\t von Dauerm i l cherzeugnissen.
lEffect of Lipolytic changes on the quality of
long she l f - 1 ike milk products - in German]. Mil ch forschlmg·-Mi 1 chpraxi s 23, 140- 141.
Kirst E. (1981). Der Einf!Uss 1 ipoly tisc her VOJ·gt!nge
auf die Qualittltsei gensch;:~;fl'f!n von Schli\gsahne.
(Effect of lipolytic p1·ocesses on t he quality of
whipped cream - in German]. B~cker Konditor g~.
282 - 281
Ki r st E. {1981). Lipolytische Vorgtinge in Mil ch und
Milchp1·odukten. IV. Untersuchungen zum Einfluss
der Schaumbildung auf die Str uktur des M.i l ch fettes. [Lipolytic proces ses in milk and in milk
products. IV. Studies of the effect of foam forma tion on milk fat structu1·e]. tebensmittelindustrie
Leipzig 28, 461 - 463.
Kirst E. (1982). Zur lipolytischen Beeinflussung der
Milch durch die Pr imti t·bearbe i tung. [ Li po 1 yt.ic
activity of milk after pr.im<lry treatment - in German}. XX I Int. Dairy Congress. Moscow, USSR, Mir
Publishers, Moscow , Vol. 1. Book 1. 107- 108
Kirst E. (1982}. Einfluss der Mi lc h fettzusa mmen setzung auf die L.ipolyse. (Effect of milk fat
composition on lipolysis - in German]
XXI Int .
Dairy Congress, Moscow. USSR, Mir Publishers,
Moscow. Vol. 1, Book 1. 196
Kirst E. (1982). Untersuchungen Uber den Einfluss
I ipolytische1· Veditderungen de t· Rohm llch auf die
Se p<ar.i erbarkei t des Mi lchfettes. [Studies of the
effect of lipolytic c hange s in r a ~o~ milk on the
separability of milk fat - in Germa n] . Milch forschu ng-Mi lchpraxis 24, 102- 103. 109.
Kir st E. Hans e n R. (1983). LJpoJytisc h e Vorg~.nge
in Milch und Milchprodukten. V. Zur Eignung ver sch iedener Parameter fllr die Beurteilllilg lipolyt.ische l' VerMderllilgen in der Rohro i lch. [Lipolytic processes in milk and in milk products. V
Suitability of various parameters to induce lipolytic changes in raw milk
in German]. Lebens mittel industr.ie Leipzig 30, 77 81
Kirst E, Lill R, SchJeusen~ 1, Kre nke1 K, Jacobi U.
{1983). Einfluss eine r Energiemangelert'\IDlrung laktierender Rinder auf Zusammensetzung und Eigenschaften der Rohm.i l ch. [Effect of energy- deficient
nutrition in cattle on the composi t .i on and properties of raw milk - in German]. Mil c hfors c hung Mi lchpraxis 25, 3 - 6
Kirst E, Meye-;=- A, Cernci E. Obermaier 0. (1983).
Bee influssung der sensorischen Qualitlkt de1· Milch
du rch lipolytische Verl'!nderw1gen. [Influencing the
sensm·y property of mi lk t ht·ough lipolytic changes
- in German]. Mil chforschung- MiJchpra.xis ~. 100102.
Kirst E. Westphal G. (1983). Zur Llpolyse der MHch
durch technologische Beeinf 1 ussungen. 2. Untersuchungen zum Einfluss der Mi l chfettz usammen setzung auf die 1 ipolytischen Vedllderungen bei
der Kljllung der Milch. [Lipolysi s in milk induced
by technolog i cal pr·ocesses. 2. Studies on the
effect of the milk fat composition on lipolytic
changes during the cooling of milk - .in German]

K 1 RST

Nahrung 27, 1~8
60. KlostermeYer H, Re.imerdes EM . (1 976 ) . Ch e lllisc h ~
physikalische Vorgfulge in gekl.lhl ter Rohmil c h.
[C hemi co ~ phys .i cal processes in cooled r·aw milk ~
i n German]. Molkerei Ztg. Welt Mil ch~. 1 35~ 138
61. Kodgev A, Rachev R. (1970). Influe nce of some f<tc ~
tors on the acidity of milk fat . XVIII Tnt. Dairy
Congress Sydney, Australia, XVIII Int. Dairy
Congress Convnittee, Sydney, N.S.W. , Austr·al ia, _g,
200
62. KuzdzaJ ~ Savoie S. Auclair JE, Morgues R, Lcmglois D.
(1975). La lipolyse dans l e lait refroidi. [Lipo ~
lysis in cooled milk - in French]. Lait §..§:. 530 ~

in Rohmilch mit llilfe des Kochsc he n Pl atten ve r fahren s. (Attempts to s h o rt e n the p roof of the
spores o f psychrotrophic microorganisms in raw
milk using t he plate method by Koch - in German].
Mi lchforschung Mi lchpraxis £!., 39- 41.
7 6 . Puhan z. (1977) . Die Mil ch a l s Rohstoff zur llers tel lung von Qual.itl!tsprodukten. [Milk as a raw material in t he production of high - quality prOOucts in German]. Schweiz. Mil ch Ztg . .103 , 53, 64-65
7 7. Randhahn H, Reuter H. (1976) . R!jlren und Mischen von
Rohmi lch. [ St ir ring "nd ndx in g of raw milk - in
German]. Ki eler Milchwir t. Forsc h. Ber . ~ . 269 333.

Recknagel A. (1960). Physik- Mechanik. lPhysics and
mechani cs - in German]. VEB Verlag Technik, Berlin, German Democratic Republ.ic, 392 pp
79. Reuter H. (1977). Auswirkw1gen von Strlinungsvorgfulge
in Rohmi l ch . I. Messun g und Charac te r isierung von
Str6mungen. [Effects o f flow i n raw milk. I
Measurement and c haracterizatio n of flow - in
German} . Mil chwissenscha ft ;g, 7 16- 718.
SO. Reute r H. (1978).
Auswirkune:en von Strfimungsvm·g'dnge in Rohmil c h. II . Physikalische, chemische
und sensorische Vedinderungen. lEffects of f low
proc esses in mil k. 2. Phys i ca l, c he mi cal and
sensory changes - in German]. Mi lchwissenschaft

543.
63 .

78

Kuzdzal ~ Savoie

S, Moswuot G. (1960) . Observations on
t he or-ganoleptical quality of milk. Ann. Techn. Q,

5~ 52.

Stabilit~t des E rnu l ~
sio nsystems Milch . [S ta bili ty o f the e mulsio n
system in milk - in German]. Dt sch. Molkerei Ztg

64. Lagoni H. (1961). Zur Frage der

82,

1187 ~ 1190,

1224 ~ 1 226.

65. La~n.i H, Peters KH. {1959) . Die "verktlrz t e " Rfise ~
Gottlieb-MethOOe als Hilfsmitt el z ur Besch r·eibung
molkerei - technologischer AbUiufe. [The "abbreviated" method by R~e and Gottl i eb as an ai d to
the des c ription of technologi cal p r ocesses in
dairying - in German]
Kieler Mil chwirt . Forsch .
Der. 11, 291 - 296
66. Leeuwe;-van JM, Jellema A. (1974) . Invloed van
voederregiem op vetspl itsing in me lk. (Effect of
feeding on lipolysis in milk - in Dutch] . Bedrijf sontwikkeling 5(4), 315 - 319.
67. Lehman n 11. (1982). Der Einflus s der mecha ni sc h e n
Behandlw1g der Milch auf ihre Separierf:.Vtigkeit
unter dem Gesichtspunkt der Gehal te an freiem Fett
und freien F e tts~ur e n . [Ef fect o f mechanical
handling of milk on its separability as related t o
t he fr ee fat and free a cid con tent s in the mi \k
in Ge rman]. Dtsch. Milchwi rtscha ft ~. 172 - 174
68. Lindne r H. (1970). Lehrbuch d er Physik. {Bandbook on
physics - .in German]. VEB Fachbuchverlae: Le i pz i g,
German Democratic Republi c, 584 pp.
69. Mabbitt LA. (1981). Metabolic activity of bacteria
in raw milk. Kieler Mil c hwirl. Forsell. Ber . ~.

~.
97 - 100.
81. Riedel CL. Hansen R. (1979). Mi l ch und Mo\kenproduk-

te a 1 s Bestandt e i I vo n SUss war·en und Kakaoer zeugnissen. [Milk and whey produ ct s as ingredients
in confectione ry and cocoa prOOucts - in German] .
J.ebensmi ttel industri e Lepzjg 26, 211-2 14 , 269-273
82. Saito Z, Harper WJ , Gould IA. (1966 ). Distribution
and p ar tia.l pul'ificaUon of m.ilk l ipHse. Bull
Fac. Agric. llir·osak i Univ. g, 66- 74.
83. Sa ito Z, Igarashi V. ( 1971). The milk lipases . VII I.
Separation of lipases by gel filt r a ti on by treat ment wi th sodium chlor ide . Bul l. Fac. Agrlc. Hiro
sak i Univ. 17, 126 135.
84 . Saito z. (1977). Lipases in bovine mi lk . .l a p. J
Zoo t e ch. Sc i. 52, 299- 307.
85 Saito z. Kitrty;-E , Ok<tzaki ~1. (1978) . The milk
1 i pases . X. Sepa r ation of I ipase activ iti es fr·om
casein mi cel l es. Bul \ . Fa c. Ag ri c. llirosa ki Univ

273- 280.
70 . Meye r A, Kirst E. Lill R. CersovskY II. Jacobi U,
Rossow N. Krenke! K, Hansen R. (1984) . Ftltterungs -

29 ,

86

77 - 85

Salin AMA. Anderson M. {197H). Observation of the
i nf I uence of hj e-h ce 1 1 numbers on the 1 i poI ysi s i n
cow milk. J. Dairy Res . .1§.. 453- 462
87 Sa I in AMA, Anderson M. ( 1979) . Influence of feeding
and lactaUne- s tate on the li J1olysis in bovine
milk. J. Dairy Res . 46, 623- 631.
88. Schiemann R. (\978). Ar~endung des DDR- Futterbe\.\·ertungssystems in der Pf l a n zenpro duk t ion. [Use of
the feed evaluation system of the Germ<m Democrat ic Republic in pl a n t production - in German}. VEB
Deutscher Landwirtschaftsverlag, Be rl in. German
Democrati c Republic. 282 pp.
89 Schippe r C.J. (1974). Lipolysis in cooled bulk milk.
Int . Dairy Fed . Do c. No . 82. 19 .
90 Siegen thaler E. (1958). De r Ei nfluss der· Flttterung
a u f die Ko n sistenz des Mi l c hf ettes. [Effec t of
f eeding on t he consistency of milk fat - in Ge r man}. Schweiz. Mil ch Ztg . !M. 44 1- 443.
91 Sonntag H. (1977) . LP.h r buch der Kol l oidwissenschaft.
Colloid science handbook - in German}. VEB Dtsch
Verlag der Wi ssen sc haf ten, Berl.in. German Democratic Republi c, 325 pp .
92 Sonntag S. (1980). Untersuchu ngen und Massnahmen zur
Verbesserw1g lUld Sich e t'Wlg der Rolunil chqualitt\t
[Studies and measures aimed to improve and ensure

bedingte Ved:l.nderungen der Rohmi 1chqu<~lH~t 
Untersuchungen zum Einfluss einer Energiemangeler nitlrung laktierender Rinder auf Eige nschaf ten und
Zusammensetzung der Rohmi lch.
(Diet - induced
changes in raw milk quality - Studies on the e f fect of e nergy- deficient nutrition of dairy cattle
on the properties and composition of 1·aw milk - in
Ge rman }. N"ahrung 28. 371-381
71. Nordlund J, Heikonell M. (1974). A theory abou t t he
fo rmati on of free fat in mi lk . XIX Int. Dairy
Cong ress, New Delhi, J ndia,
XTX I n t. Dairy Cong r·ess Sec r etariat, New Delhi, India. 1 f;, 176- 177.
72. Ol.ivecrona A. (1980) . Biochemical aspec ts of li po
ly s i s in bovine milk . Int. Dairy Fed . Doc. No.
118. 19- 25
73. 01ivec rona A, Engelrud T, HernaJ\ o. castberg ll . Sol berg P. {1975). Is t here more than one 1 ipase in
bovine mi lk? Jnt. Dairy Fed. Doc. No . 86, 61 - 72 .
74. Paulet G. Nestros G, Crone n be r·g L. (1974). Soa p y

flavour in foods: Effect of lipase of wh i te
pepper
Rev. Franc. Corps Gras ~. 611 - 6 16.
Z.ickrick K. (1979). Untersuchungen zur
VerkUrzung des Nachweises psy ch ro t r o ph e r· Ke ime

75. Posur H.

274

LIPOL YJ

C CHANGE S IN MILK FAT

t he qualHy of rawmilk - in German]. PhD
tesis,
Berlin , Ge rman Democrat c Republic. 185 pp.
T~pe1 A. (1982). Chemie und Physik d er
i l ch.
(Chemistry and physics of milk - in German
VEB
Fachbuchver l ag, Leipzig, German Democratic .epub1 ic. 488 pp.
Urbach HG , Stark W. Forss DA. (1970). Flav ou s and
flavour thresholds of acids, lactones, ph ~ no! ic
and indol ic compounds. XV Ill Int. Dairy Con ;ress,
Syd ney , Au stralia, XVII I Int. Dairy Congre s Committee. Sydney, N.S .W .. Australia, .! ~. 234 .
Velitok JG. (1973). Vl.iyanie subk l ini cheskikh r.asti tidov na fiziko - khim.ichesk.ie svoistva mt loka .
[Effect of s ubclinical masti tis on physi cal and
chemical properties of milk - in Russian]. M lloch.
Prom. 40(3). 19- 20.
\\'h ittles"t~ne WG. (1968). Influence of machine 'llilking on the milk quality. J . Milk Food Teclmo .... 31.
73 - 77.
Worstorff H. Heeschen W, Reichmu t h J, Tolle A.
(1972) . Freie Fettsauren in der Milch in Abhlin g i gkeit von st r&lungstechnischen Bedingungen der
Milkanlagen . [ Free fatty acids in milk as re lated
to the technological flow conditions .in dairy
facilities - i n German] . Otsch. Milchwirt s c haft
£1_, 477- 480.
Z.ickrick K. Pos ur H. (1971). Psychrotrophe Keime in
tiefgek\.'j1l ter Rohmi lch. [Spores of psychrotr ophic
mi ci'Oorganis ms in low- temperature c ool ed raw mi lk
- in Germanj . Mil c hfor schu ng Milchpraxis 13, 155 156. 186- 188.
-

S. Saito : Homogenization does not produce free fat but
~most effective treatment to .induce 1 ipolys .is .
Wi 11 t he a uthor please give his opinion on the e f fect of
homogenization on the microstructure of fat g lobules?
Author: Homogenization results in the disintegration of
the original (large ) fat globules in milk and .in the
production of a great number of smaller fat g lobules .
Consequen tly, also the fat globule me mbra nes are disin tegrated and lipase is released. As the total surface
of t h e fat globules is increased 5 to 6 fold (101), the
newly formed fat surface is rapidly coated with surfaceactive materia l such as the fragments of the fat g lobul e
me mbranes. casei n, and undenatured whey proteins from
t he mi lk serum. Liberated lipase participates in lipolysis. Li polysis may be induced by homogenization only
in raw milk but not in pasteurized or utiT - treated milk.
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Saito: The effect of energy- deficient feeding on t he
fat content in milk and the projXlrtion of fatty acids
(Table 4) seems to be smalL I s it statistical l y signif icant?
Author: Stati s tical tests were carried out by analysis
of variance (ANOVA) {to study the interactions between
the lactation stages and feeding] and by a multiple
comparison of the mean values using a Newman- Keuls Test
(102).
The increase in the mi lk fat content at the beginnin g of the energy - deficient feedi n g wa s found to be
statistically significant (P < 0.05). This effect is
called 'the fat - mobilization syndrome' (10 3 ). In the
subsequent period, the fat conten t i n the mi l k decrease d: this decrease was also signifi cant. However, the
increases in the free fat con tent at t he beginning of
each feeding period were statistically not signi fican t

Discuss ion with Reviewers
D. E. C'l rpenter : The author refers to protection by t he
milk fat g lobul e meMbra nes of the f at from lipolytic and
oxidative processes . Is there any evidence that hydrolysis of the membrane protei n by natural milk pr otea ~e s
or psychrotrophic milk proteases gives rise to hi gher
levels of free fatt y acids?
Author: The effect of hydrolysis of t he milk fat globule
membrane p r·oteins by microbial and milk protea ses was
studied by several authors (28, 99, 100). Disrupt ion of
the fat globule membrane by proteases exposes the fat
globules to the a ction of 1 ipase, particularly at h i gh
counts of psychrotr ophi c bacteria. Thus, the increase in
t h e free fatty acid conce n trati o n is the resuJ t of
lipolytic action on fat globul es destabili zed by prote ases. To prevent this from happening, it is important to
keep the psychrotrophi c bacteria coun ts in mi lk a s l ow
as possible.
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